The effect of A site substitution of Pb(Fe1/2Nb1/2)3 (PFN) and Pb(Sc1/2Ta1/2)O3 (PST) with Na or La on the order-disorder transition and dielectric characteristics was examined. It was clarified that the degree of or dering at the B site did not change by the substitution though it has been reported that in case of Pb(Mg13 Nb2/3)3 (PMN), the degree of ordering can be controlled by the A site substitution . The reason may be due to the difference in cation size ratio of B site, that is, Mg:Nb=1:2 for PMN and Fe:Nb and Sc:Ta=1:1 for PFN and PST. By partial substitution of A site by La or Na, the dielectric characteristics of PFN and PST drastically changed from normal ferroelectric to "relaxor ferroelectric". This indicates that "relaxor ferroe lectrics" can not be necessarily derived from the order-disorder state at the B site sublattice as understood so far. The "relaxor ferroelectric" property of Na or La doped PST and PFN would be classified into the same group of (Pb, La) (Zr, Ti)3 (PLZT) and La doped (Sr, Ba)Nb26 (SBN).
Introduction
Lead containing perovskite type compounds with general formula, Pb(BB)3, have been widely used as dielectric materials. Some of these materials show normal ferroelec tric or anti-ferroelectric characteristics. And some of these materials show "relaxor-type" behavior which is character ized by a diffuse and dispersive phase transition. It has been believed that the dielectric properties can be classified by the degree of ordering of B and B cations at the B site sublattice1) as following. Compounds whose B site sublat tices are disordered such as Pb(Fe/2Nb/2)3 (PFN) or long range ordered such as Pb(Sc/2Ta1/2)3 (PST) show normal ferroelectric properties. On the other hand, com pounds whose B site sublattices are short range ordered such as Pb(Mg/3Nb2/3)3 (PMN) show "relaxor-type" properties. For PST, it was also reported that the degree of ordering at the B site sublattice can be changed by heat treatment.2)-5) That is, quenching from high temperature causes short range ordering and its dielectric property is "relaxor -type" , on the other hand, annealing at low tempera ture causes long range ordering and its dielectric property is normal ferroelectric.
For PMN, it was reported that the degree of ordering at the B site can be changed by the partially substitution of Pb2+ by hetero valent cations,6)-8) that is, substitution of Pb2+ with La3+ enhances the degree of ordering and substi tution of Pb2+ with Na+ suppresses the degree of ordering. Wang et al. calculated Madelung energies for A2+(B/32+ B2/35+)O3 and A2+(B2/33+B1/36+)3 systems for different dopants at the A site.9) As the theoretical result, they report ed that substitution of A site cation by higher-valence ca tion enhances the ordering at the B site for A2+(B1/32+ B2/35+)3 whereas substitution by lower-valence cation pro motes ordering at the B site for A2+(B2/33+B1/36+)3.
However it is still unknown if it is possible to be changed the degree of ordering for A2+(B1/23+B1/25+)3 by doping different valence cations at the A site. In this work, the effect of A site substitution on the degree of ordering was examined for Pb(Fe/2Nb1/2)3 (PFN) and Pb(Sc/2 T/2)3 (PST). Moreover in this work relationship be tween the degree of ordering at the B site and the dielectric properties was also examined.
Experimental procedure
The specimens were prepared by conventional solid-state reaction using ball-milling in ethanol with zirconia balls for 22h. The compositions of the samples were shown as follow ing.
(PbLa)(Fe(+)/2Nb(1)/2)O3; X=0.00, 0.05, 0.10
X=0.00, 0.05, 0.10 First powder mixtures of Fe23 and Nb25 or Sc23 and Ta25 were calcined at 900 for 2h to prepare FeNbO4 or ScTaO4. Then the powders of PbO, La23, Na2CO3 and FeNbO4 or ScTaO4 were mixed for the second calcination at 800 for 2h. The powders were pressed into pellets and em bedded in the powder with the same composition in a mag nesia crucible with an alumina lid and sintered at 1000 for 2h for PFN and 1500 for 20min for PST. After sintering, the samples were cooled in the furnace with cooling rate around 300/h.
Lattice parameters were determined from powder X-ray diffraction data with silicone as an internal standard using the program RLC-3.10) In this work, order parameter S for a particular sample was defined by comparing the ratio of the observed superlattice reflection to the base lattice reflec tion for that sample with the calculated intensities for per fect ordering.
where (111) and (220) denoted the intensity of superlat tice reflection and base lattice reflections of perovskite type compound respectively (indices refer to the double-cell unit cell). The intensities for perfect ordering were calculated using the program RIETAN.11)
The relative amount of the perovskite to the pyrochlore type compound was calculated using following equation.
where Iperovskite(110) and Ipyrochlore(222) were the major X ray peak intensities for perovskite and pyrochlore type com pounds respectively. Dielectric properties were measured with an HP4192A impedance analyzer and the data were collected every 1 at various frequencies between 1kHz and 1000kHz.
TEM specimens were prepared by crushing and ob served using JEM-200CX electron microscope.
3. Results 3.1 La-doped PFN Perovskite% of pure PFN and La-doped PFN was shown in Table 1 . As shown in Table 1 , the perovskite% was more than 97%. Figure 1 shows the relationship between the lat tice parameter and La content. In Fig. 1 , change of lattice parameter with La content was compared with that of calcu lated one. The calculate lattice parameter "a (calculation)" was derived using following equation.
where rA, rB and r represented the ionic radii of A, B and ions, respectively.
Since it is difficult to calculate the ac curate lattice parameter using ionic radii, the calculated lat tice parameter is not consistent with measured one. However Fig. 1 Many authors reported that short range ordering at the site causes superlattice reflection of (1/2 1/2 1/2) in <110> zone axis pattern,1), 4), 6)-) however as shown in Fig. 2 , such superlattice reflection was not detected for (Pb0.95La0.05) (Fe0.525Nb0.475)3. This result suggests that donor doping does not bring about ordering at the B site. In addition, slight beam split can be observed in Fig. 2(b) . The reason is uncertain but it can be thought that the split might suggest the ferroelectric phase. that no frequency dependence of the maximum value in the dielectric constant is perceived for pure PFN and the fre quency dependence is detected for 5 and 10% La-doped PFN. This result indicates that the dielectric property changes from normal ferroelectric to "relaxor-type" by La doping without formation of short range ordering at the B site. 3.2 Na-doped and La-doped PST The perovskite% of pure, Na-doped and La-doped PST was shown in Table 2 . As shown in Table 2 , no pyrochlore type compound coexisted with the perovskite type com pound except for La 10% doped PST (perovskite%=99%). Figure 4 shows the change of the lattice parameter and the order parameter with the amount of dopants. As well as in the case of PFN, the lattice parameter linearly changes with the amount of dopant and the tendency is in good agreement with calculated ones. From Fig. 4 , it was clarified that the order parameter slightly increased with La content, however the parameter was almost constant against Na content. As well as the result of X-ray diffrac tion, the superlattice reflection of (1/2 1/2 1/2) in <110> zone axis pattern was clearly observed in Na doped PST. This result indicates that the substitution of A site cation by hetero valence cation does not affect the degree of ordering at the B site. It was reported that the degree of ordering can be changed easily by cooling condition. However in this ex periment to examine the net effect of doping on the degree of ordering, all specimens were prepared by slowly cooling in the furnace. Figure 5 shows the temperature dependence of dielectric constant for the undoped and La or Na doped PST. Since the relative density of sintered pellets was between 72 and 84% of theoretical density, the maximum value of dielectric constant is about 1 order of magnitude lower than the reported value.5) As well as in the case of PFN, no frequen cy dependence of the maximum value in the dielectric con stant is perceived for pure PST and the frequency depen dence is detected for 5 and 10% La or Na doped PST. This result indicates that the dielectric property changes from normal ferroelectric to "relaxor-type" by La or Na doping without formation of the short range ordering at the B site. Table 2 . Change of Perovskite% with La or Na Content for PST 4. Discussions 4.1 Effect of doping on the degree of ordering Since the Mg/Nb ratio for PMN is 1:2, La doping in creases the Mg/Nb ratio toward 1:1. It is reported that this is the reason why La doping increases the degree of or dering at the B site. On the other hand, for PST, the Sc/Ta ratio is originally 1:1 and La or Na doping causes the depar ture from the ratio. Therefore in PST it was expected that La or Na doping would suppress the degree of ordering. However as shown in Fig. 2 , ordering parameters were almost constant against the dopant content. It must be not ed that the degree of ordering is not 100% but 50% level. That is, around half of PST is the ordering state and half is the disorder state. Consequently to understand our result, it is presumed that the dopants were preferentially incorporat ed into the lattice of disorder state. For PFN, Fe and Nb ca tions are disorder state, therefore, it was expected that La or Na doping does not affect the degree of ordering, which is in good agreement with experimental result.
4.2 Effect of doping on the dielectric properties As shown in Figs. 3 and 5, the dielectric characteristics of PST and PFN changed from normal ferroelectric into "rela xor-type" by La or Na doping though the degree of B site ordering did not change by the doping. Randall and Bhalla) classified the dielectric characteristics of many Pb(BB)3 type perovskite type compounds according to the degree of ordering at the B site, and attributed the " relaxor" characteristics to the short range ordering at the B site. However our results show that their classification is not enough. Therefore the dielectric characteristics may be due to the formation of random ferroelectric cluster around impurity cation as well as in the case of La doped (Sr, Ba) Nb26(SBN)12), La doped (Pb, La) (Zr, Ti)3(PLZT)13) and Nb doped KTaO3(KTN).14)- 16) 
